Egypt has been described as suffering a double burden malnutrition among young children: stunting as well as overweight/obesity. Objective: to determine the prevalence of overweight and obesity among a sample of rural children under 5 years of age. Subjects &methods: A systematic random sample of 3871 children 0-59 months were selected from 21 rural family health units in 2 districts in Lower Egypt. The selected children were assessed for weight and height/length. The mothers' of selected children were interviewed using a structured questionnaire about feeding of children as well as family characteristics. Body mass index for age was calculated for every child and assessed on the reference curve for growth chart of WHO. Z scores were used to determine overweight and obesity. Results: The prevalence of overweight was 11.8% and the prevalence of obesity was 3.7% among the children studied. The main risk factor for combined overweight and obesity below 24 months was milk formula as predominant feeding while the main risk factor for overweight/obesity from 2-5 years was male gender. Conclusion: This study revealed a high prevalence of overweight and obesity in children less than 5 years of age, which mandates future follow up studies on wider areas all over Egypt.
Introduction
Child obesity has been progressively increasing over the last few decades, being considered a worldwide epidemic by the World Health Organization (WHO). It is estimated that 43 million children under 5 years are overweight worldwide, including 35 million in developing countries and 8 million in developed countries [1] .
In Europe, one out of five children is overweight and, of those, one-third is obese [1] . In the United States, the prevalence of overweight children between 2 to 5 years of age, in the period from 1999 to 2004, increased from 9.5 to 15.1% in male individuals and 11.2 to 12.6% in females [2] .
Database in the WHO concerning Egypt; collected through successive Demographic Health Surveys (DHS); showed that prevalence of overweight is 22% all over Egypt, being higher in lower Egypt: 33% and 27% in urban and rural areas respectively with much lower prevalence in Upper Egypt (14%) [3] . Interestingly, the prevalence of stunting; an under-nutrition disorder; reached 30% [3] . Accordingly, Egypt was described as suffering a double burden malnutrition.
Studies showed that the gain of weight in the intrauterine phase and in the first 2 years of life is associated with weight increase in young adults [4] . Considering the need for health promotion, the early detection of excess weight in children may contribute to the reduction of risks of hypertension, dyslipidemia, diabetes mellitus type II [5] , and cardiovascular events [6] . In addition to individual benefits, this reduction could have a positive impact on the costs of the health system. International studies have shown that public spending on drugs to treat the complications of obesity increased from 6.5 to 9.1% from 1998 to 2006, when compared to the expenses 40% lower with nonobese subjects [7] The Egyptian Ministry of Health and Population (MOHP) has launched a new Nutrition Unit within the Maternal & Child Health sector. This unit has chosen two Governorates in Lower Egypt: Qualioubiya and Gharbia to set up a pilot of nutritional survey and interventions to overcome the problems of malnutrition.
As a part of the first activities of this unit, the aim of the current study was to determine the prevalence of overweight and obesity among a sample of rural children under 5 years of age.
Subjects & Methods

STUDY SETTING
As a part of a pilot phase for nutritional survey and intervention, the MOHP selected 2 governorates in Lower Egypt: Qualioubiya and Gharbia. In each governorate, one district was selected; namely Samanoud in Gharbia Governorate and Kafr Shokr in Qualioubiya Governorate. Rural areas are the main target of study and intervention. In each selected district, rural health units were selected based on the following criteria: Selected health units must be applying the family health model with active family folders, and accredited with proper furnishing in terms of anthropometric equipments. Accordingly, 10 rural health units were selected from Samanoud district and 11 rural health units were selected from Kafr Shokr district. This survey was carried out between December 2013 and March 2014.
Sample
Size And Sampling Technique
The sample size was estimated to be 1890 children in each district to detect a proportion of overweight (more than 2SD of BMI) of 27% ± 2 as expected from the WHO data in rural Lower Egypt [3] with 95% confidence interval. The sample size was rounded around 1900 children in each district. A systematic random sample was used to select eligible children in the current study. The total number of children less than 5 years age was determined from the birth registers of every selected health unit. The total number of children 0-59 months in Kafr Shokr was 12152 and in Sammanud was 17471. According to the sample size estimated, every 6 th child was selected from Kafr Shokr and every 9 th child was selected in Samanud. The selected child was summoned by the health educator for examination in the health unit. If the selected child couldn't be reached or his caregiver refused, the next child in the list was selected. Exclusion criteria: All children with chronic diseases that may affect the nutritional status and anthropometric measurements, e.g. cancer, endocrine diseases, chronic kidney diseases were excluded from the study. Children with severe acute diseases like diarrhea with dehydration and acute infections with toxemia were also excluded from the study.
Study Tools 1-An interview questionnaire with the child mother including gender of child, date of birth, mother's age, mother education, income, number of siblings, child order of birth , child nutrition in the first 2 years of life. The questionnaire was pilot tested before implementation.
2-An anthropometric measurement sheet:
The WHO guidelines for anthropometric measurements of children less than 5 years were followed [8] .
A. Measuring Weight All the selected facilities have spring baby weight scales. A standard operating procedure (SOP) for the calibration of these scales was developed to make sure they are functioning properly. The scale is to be placed on a flat leveled surface and then calibrated according to the SOP. Once the calibration is complete, the nurse place the baby with the least amount of cloth possible on the scale while facing him directly. The weight of the child was then recorded in the data collection sheet to the nearest 0.61kg. For older children who can be directed to stand still on a scale, the normal adult scale was used. The same process of calibration was applied to the scale, and the child be placed with the least amount of clothing possible.
B. Measuring Length or Height
According to the recommendations of the WHO, the recumbent length is used if a child is less than 2 years old, and the standing height is used if the child is aged 2 years or older [8] .
Measuring Length
To measure a child's length, the equipment needed is a length board (sometimes called an infantometer) which is part of the standard furnishings of the well baby clinic in the primary health care facilities of the Ministry of Health and Population. The length board should be placed on a flat, stable surface such as a table before measuring the child.
Before commencing with the measurement the nurse should check that the child's shoes and socks have been removed. If the child has hair braids that will interfere with the measurement of length/height they must also be removed. The child's mother must help in the process of measuring length/height to keep her infant calm. The child's head will be placed against the fixed headboard with his face facing up, the child must lie straight along the board with both shoulders touching the board, and his spine should not be arched. The child's legs are held down from the knees with gentle pressure with one hand and the nurse will move the footboard with the other so that the soles of the feet are flat against the footboard with toes pointing upwards. It is well known that it is not possible to straighten the knees of newborns to the same degree as older children, their knees are fragile and could be injured easily, thus minimal pressure should be applied.
Measuring Height
To measure height, a wall height chart OR a height rod is used. The wall height chart is taped to the wall level to the floor; the height rod is incorporated into the adult weight scale. At the beginning, we check that the child's shoes and socks have been removed. If the child has hair braids that will interfere with the measurement of length/height they must also be removed. 
Results
A total of 3871 children were enrolled in this study from the two selected districts. The age distribution was significantly different between the two districts. Gender was comparable between the 2 districts with males comprising 51.6% of the whole study sample (Table 1) .
As shown in table 2, the prevalence of overweight and obesity was not statistically different between the two districts. The prevalence of overweight (BMI >2SD -3 SD) was 11.8% in the whole sample, while the prevalence of obesity (BMI > 3SD) was 3.7%. Figure 1 depicts the distribution of Z scores of BMI for age of the study sample compared to the WHO reference growth chart for the whole sample as well for males and females. The curve of the study sample, although looks normally distributed, is shifted to the right compared to the WHO reference revealing higher BMI for age in the whole sample as well in males and females subgroups than the 
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WHO reference (The mean Z score of the study sample is 0.812). Figure 2 shows the prevalence of combined overweight and obesity (BMI higher than 2SD) across the different age groups. The prevalence is higher in the first 2 years of life around 20% and then starts to decrease gradually with age till reaching 8.7% by the age of 5. The distribution of Z scores in males and females shows similar phenomenon of gradual decrease by age, although Z scores start to tapper earlier in females before the age of 2. However, evidently, the Z scores show gender differential, especially by beginning of the 2 nd year of life with males exhibiting higher prevalence of overweight.
The determinants of combined overweight and obesity were shown in table 3. In children less than 24 months, the only factor that was significantly associated with high BMI was milk formula as predominant feeding in this age group. Other sociodemographic factors: District residence, gender, mother's age and education, number of siblings, order of birth as well income were all found insignificantly related to overweight in such age group. For children 24 months or older, only boys exhibit significant relation with overweight with an odds ratio of 1.3. Other sociodemographic factors didn't show any significant relation to overweight. Even after adjustment for other potential confounding factors, Milk formula was the only predictor for overweight in children younger than 24 months and male gender was the only predictor of overweight in children from 2-5 years.
Discussion
The findings of the present study show that the prevalence of overweight children as defined by body mass index more than 2 SD up to 3SD from the median WHO reference was 11.8%, while the prevalence of obesity with BMI above 3SD from the median WHO reference was 3.7%. The prevalence of combined overweight and obesity (those above 2SD) was 15.5%. These findings are lower than the DHS results in 2008 which reported a prevalence rate of 26.7% among children from 0-59 months in the rural lower Egypt sample [3] . The DHS results in 2005 showed a prevalence of 16% among a similar sample [3] . The DHS figures were derived from the BMI measurement Z scores compared to the WHO reference; similar to our methodology. The discrepancy between the results of the current study and that of DHS 2008 can be explained by different sample characteristics. Our sample is only from 2 districts and from 2 governorates which may differ from the sample characteristics of the DHS regarding location, age and gender, especially that the nutritional status in our study differs according to the age and gender. A second factor is the time lag between the current study and that of DHS in 2008. However, this discrepancy needs further studies to confirm.
Terminology and measures used in studies of weight and adiposity in children can be complex and confusing. Differences arise in metrics, terminology, reference values, and reference levels. BMI, weight for age are both used to define overweight. WHO growth charts as well the International Obesity Task Force (IOTF) standards are used for reference. Percentiles and Z scores are used to determine cutoff points. Thus, for comparing the prevalence rates of obesity and overweight with other countries, it is needed to select the same methodology for defining . Given the former figures, the findings of the current study pointed to a prevalence of overweight in the higher spectrum; even results are lower than that reported in the DHS.
The current study showed that the prevalence of combined overweight and obesity was highest in the first 2 years of life (around 20%) and starts to taper linearly till become 8.7% at age of 5. This phenomenon was previously noticed in other researches. Muller et al noticed a significant decrease in prevalence of obesity in Brasil from 13% in the first 2 years of life to 9% at age of 5 [13] . In China, the prevalence of overweight decrease of 34% at 6 months to 22% at age 3 [16] . Data for Egypt from DHS showed a similar trend where children from 4-5 years exhibit the least prevalence for overweight [3] . Possible explanation is that in the first two years of life, the child is dependent on his mother for feeding with less activity. Probable improper feeding at this stage may contribute to excess weight. Conversely, the toddler, is more active with less temptation towards food.
The results of the present research illustrated a significant relation of gender to excess weight (more than 2SD). Boys showed higher prevalence of excess BMI with age compared to girls. The gender differential was predominantly significant after the age of 2. The literature is controversial regarding the risk of overweight or obesity in relation to gender. While some studies have not found any gender-related differences [18] others have showed boys [19] or girls with higher rates [20] Association of milk formula to early childhood obesity was a widely accepted finding in the literature. Systematic reviews suggest that breastfeeding is associated with a reduction in the risk of later overweight and obesity [21] . Gibbs and Forste reported that infants predominantly fed formula for the first 6 months were about 2.5 times more likely to be obese at 24 months of age relative to infants predominantly fed breast milk [22] . This agrees with our results where children predominantly fed with milk formula had 1.4 chances to develop overweight compared to those breast fed. Various studies have indicated that breastfeeding is associated with lower maternal control of infant feeding and that breastfeeding encourages infant feeding selfregulation [23] [13, 14, 15, 16, 18] The present work gives insight on the importance of overweight and obesity in children younger than 5 years in two districts' rural areas. The prevalence of overweight and obesity was 11.8% and 3.7% respectively. The main risk factor for overweight/obesity in children younger than 24 months was predominant milk formula feeding, while the main risk factor for children 2-5 years was male gender. Future follow up studies on wider areas all over Egypt are recommended.
Study limitations
The current study was carried out only in two districts in 2 different governorates and not representing wider geographical areas in lower Egypt as well missing other areas in Egypt which limits generalizability of the findings. Another limitation of the study was inability to assess the feeding habits for children after weaning as the nutritional history from the mother would have been subjected to large recall bias jeopardizing its validity. Such limitation can be overcome by cohort follow up studies. 
